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ZEEMAN  EFFECT 
 

 

THEORY 

The splitting of the spectral lines of a light source by an applied 

magnetic field is called “Zeeman effect”. In this experiment, the spectral 

lines of a cadmium light source are examined. The emission of the red line 

( λ = 643.8 nm), of the cadmium atom is mainly produced by the 
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The red line of cadmium is split in the magnetic field into two outer 

σ-components and one π-component. This applies to transverse viewing, that 

is, observation perpendicular to the direction of the magnetic field. All 

three visible lines of this Lorentz-triplet are linearly polarized. The 

central line, which corresponds to the spectral line of the light source 

(in the absence of an applied magnetic field), is polarized in direction of 

the magnetic field, while the two outer lines are polarized perpendicular 

to the direction of the magnetic field. However, when viewing in the 

longitudinal direction, i.e., in the direction of the external magnetic 

field, a doublet is observed. No central line is visible here. The two 

split lines are circularly polarized against each other. 

 

The splitting mentioned above is a consequence of the additional energy 

shift resulting from the interaction of the electronic magnetic moment with 

the magnetic field. The corresponding frequency shift can be expressed as:  
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    where ν  is the Larmor frequency. 

 

To observe the splitting of spectral lines in magnetic field, a 

spectroscope of high resolving power is required. In the experimental 

assembly a Lummer-Gehrcke plate, with a resolving power of approximately 

500000, is used. 
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From the visible displacement of the spectral lines a measurable change of 

the wavelength or frequency is obtained. The two σ-components are shifted, 

for example, to a frequency ν + ∆ν or  ν - ∆ν, where 
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where 

B  = magnetic flux density (teslas) 

ν∆  = frequency shift 

ν∆  is to be derived from the resolution of the Lummer-Gehrcke plate and 

from the wavelength displacement determined at a certain B. 

 

Using the velocity of light ,c λν=     2/c λλ∆=ν∆ . 

 

The differences of wavelength observed at a Lummer-Gehrcke plate are 
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ds  =  distance of one of the split lines from the original position of the 

interference lines (without magnetic field) 

∆s  = distance between two adjacent interference lines without magnetic 

field 

λ   =  wavelength of the red line of cadmium = 643.8 nm 

n = refractive index of the Lummer-Gehrcke quartz glass = 1.4567 

d   =  the thickness of the Lummer-Gehrcke plate = 4.04 mm 

 

The e/m ratio can then be calculated by using the following formula: 
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(See Reference provided by Lab) 
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EXPERIMENT 

Caution: Before turning on the magnet current, make sure that the pole 

shoes of the magnet are firmly screwed on. When the field is 

turned on, do not bring any magnetic objects near the spectral 

lamp. 

 

1) Positioning of the cadmium lamp between the pole shoes of the magnet. 

Tighten the two capstan-head screws on the spectral lamp holder and on 

the pole shoes. Turn the lamp so that it points towards the side of the 

electrical connections and diagonally to the direction of the field. 

2)  Turn on the power supply to the cadmium lamp. Allow 5 minutes for the 

red cadmium line to be sufficiently intense. 

3)  Pre-adjustment with eyepiece removed. 

a) Shift the optical system in a right-left direction until a fine 

straight pattern can be seen on the Lummer-Gehrcke plate. 

b) Adjust the height of the Lummer-Gehrcke plate until it is level with 

the cadmium lamp (the screw to do this is at the base of the column 

of the optical system). 

Repeat (a) and (b) until a bright and clear line pattern can be seen 

above and underneath the Lummer-Gehrcke plate. Replace the eyepiece. By 

moving the tube of the eyepiece, bring the spectral line into focus. 

Focus the graticule by turning the eyepiece. 

Caution:  During focusing, the eyepiece can come off easily, so handle 

the eyepiece with care. 

4) Put the micrometer gauge, with the probe tip facing downwards, into the 

holder, located to the left of the Lummer-Gehrcke plate. 

 

5) Calibration of the magnetic field as a function of the magnet current. 

Turn off the cadmium lamp and pull it out of its holder. Calibrate the 

tangential field probe. 

Connect the electromagnet to the stabilized power supply unit as shown 

in Fig. 1.  

Turn on the power supply unit. 
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With the tangential field probe in the position of the cadmium lamp, 

measure pairs of current I and magnetic flux density B for I up to 

20 A. Plot a diagram of B versus I. Comment on your plot. 

     

 

 

 

 

 

 

            Fig. 1: Connection of the electromagnet 

 

6)  Measurement of the separation (∆s) of the line pattern at B = 0 tesla. 

Turn off the coil current. Put the cadmium lamp back in its holder and 

turn it on. Allow 5 minutes for the lamp to warm up. 

Make the crosshair in the eyepiece and the line which needs to be 

measured coincide and set the micrometer clockwise to zero. By turning 

the screw at the bottom of the clockwork, make the crosshair in the 

eyepiece coincide with the next line and then read the separation ∆s 

between adjacent lines on the micrometer clockwork. 

 

7) Measurement of the Zeeman splitting ds (distance between two 

neighbouring lines of a triplet). 

Turn on magnetic field (I = 20 A), watch the splitting of the line into 

three components. Rotate the polarization filter to filter out the 

middle line whose position is independent of magnetic field. 

Make the cross in the eyepiece coincide with the lowest component of 

the triplet. Set the micrometer clockwork to zero and measure the 

splitting 2(ds) which is dependent on magnetic field. 

Note:  Because the system of lines generated by the Lummer-Gehrcke 

plate is not equidistant, ds and ∆s must be measured on the 

same triplet. 

 

8)  Slowly reduce the current and observe the dependence of the splitting 

on the magnetic field. Describe your observations. 

 

9) Calculate e/m. Include an error analysis. Comment on your results. 
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